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HOT WATER HEATING SYSTEM CONTROL 
DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a hot water heating 
control system and in particular to an electronic control 
device utilizing a solid-state design and microprocessor 
technology which is programmable by the user and 
operable by one with little or no computer knowledge. 

While heating system control devices are known in 
the art, such conventional devices have little ?exibility 
in control, especially with the control of hot water 
heating systems wherein the output of a boiler is fed by 
a pump to a motorized mixing valve along the main hot 
water line of the heating system. The ability to adjust 
various parameters in the heating system has taken on 
new importance with the considerable increase in heat 
ing fuel costs. 

In conventional control devices, the mining valve is 
controlled by conventional motor control systems 
which involve inefficient overshooting and the inability 
to accommodate the system to particular climatic con 
ditions. 

Further, standard off-the-shelf control systems are 
not adaptable to different buildings and each device 
must be ?tted with customized parts for particular ap 
plications. 
Other disadvantages of the conventional systems are 

that they do not control the pump, they do not conserve 
the life of the mixing valve control motor and they do 
not enable the system to anticipate changeovers from 
night-time to day-time conditions especially when unex 
pected temperature changes have occurred external of 
the building. Conventional systems have difficulty in 
adapting the initial warm-up period in the morning and 
thus buildings remain cold even during the early morn 
ing working hours, which is highly undesirable. 

SUMMARY OF THE INVENTION 

The main object of the present invention is to provide 
a hot water heating system control device which is 
capable of being adaptable to any heating requirements 
of a building without the addition of new circuitry, 
which is easy to operate and which overcomes the 
disadvantages of the prior art devices as set forth here 
inabove. 
Another object of the present invention is to provide 

a hot water heating system control device which allows 
for a control of the pump, that is which shuts off the 
pump when the outside temperature rises above a pump 
set point. 
A further object of the present invention is to provide 

a control device which allows for a morning boost in 
the heating system to enable the heating system to be at 
a low temperature during a set back period, usually 
during the evening, but still adequately warm the build 
ing in anticipation of the normal temperature period, 
which is generally the start of regular working hours. 
The boost can be a ?xed boost which precedes the 
normal temperature period by a variable time in depen 
dence on the outside temperature, or, preferably, the 
boost can be selected by the user and anticipates the 
normal temperature period by a variable amount de 
pending upon the outside temperature. 
A still further object of the present invention is to 

provide a step control for the valve control motor 
which provides a digital damping of the motor to help 
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2 
conserve energy and preserve the life of the valve 
motor and related components. 

Still another object of the present invention is to 
control the water temperature of the hot water heating 
system in dependence upon a selected water reset ratio 
and offset which in effect controls the manner in which 
the system adapts to outside temperature changes. 
These and other objects of the present invention are 

provided by the control device for a hot water heating 
system according to the present invention which com 
prises means responsive to the outside temperature for 
turning the heating system pump on and off when the 
outside temperature drops below or exceeds a predeter 
mined pump set point, means de?ning a set of water 
reset ratios of the outside temperature to the water 
temperature and a range of offset adjustments for each 
ratio including means for selecting a water reset ratio 
and offset therefor, means for periodically determining 
the desired water temperature at the output of the mix 
ing valve for the selected water reset ratio and offset 
and receptive of the actual water temperature for com 
paring the actual water temperature to the desired 
water temperature and means for step controlling the 
mixing valve to open same when the actual water tem 
perature drops below the desired water temperature 
and for closing same when the actual water temperature 
exceeds the desired water temperature. 

In accordance with the present invention, the control 
device has a microprocessor heating control circuit 
which is designed to control a building’s heating system 
effectively and economically to produce a smooth flow 
of heat when and where it is needed and to the degree 
it is desired. 
The device further comprises timing means for divid 

ing each day into at least one normal period and at least 
one set back period for storing the starting times for 
each period. The device is capable of displaying all of 
the sensed temperatures and can be programmed for 
carrying out complex computations automatically. The 
controls for the devices are simple switches and knobs 
and the display elements therefor include a digital dis 
play and function lights. 
These and other objects of the present invention will 

become clear from the detailed description of the pres 
ent invention and in accordance with the drawings, 
wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the control 
device and its connection to a hot water heating system 
in accordance with the invention; 
FIG. 2 is a front view of the control panel for the 

device according to the invention; 
FIGS. 3a and 3b are diagrams showing the opera 

tional timing of the mixing valve motor controlled in 
accordance with the present invention; 
FIG. 4 is a block diagram of the circuit of the device 

according to the present invention; 
FIG. 5 is a detailed schematic of the circuitry for the 

sensor inputs and control settings of FIG. 4; 
FIG. 6 is a detailed circuitry for the control panel 

switch inputs of FIG. 4; and 
FIGS. 70 and 7b are graphical representations of the 

water reset ratios and ranges of offset adjustments for 
one water reset ratio in accordance with the present 
invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a schematic of the connection of the 
control device 1 of the present invention to a heating 
system which includes a boiler B within the building 
structure S, a main hot water line L and a return line R. 
In conventional hot water heating systems, the output 
of the boiler B is pumped through the main line D by a 
pump P which preferably is followed by a three-way 
motorized mixing valve V which mixes the output of 
boiler B with hot water being circulated through return 
line R. 
A sensor S1 is disposed, preferably on the north side 

of building S and provides the outside weatherhead 
temperature input to the heating control device 1 and a 
sensor S2 is provided at the output of the mixing valve 
V and provides the actual hot water temperature input 
for the heating control device 1. 
The heating control device has output lines a-c con 

nected to the boiler B, the pump P and the mixing valve 
V so as to exercise control over these devices. In certain 
hot water heating systems, the mixing valve V is not 
utilized and thus the heating control device must con 
trol the boiler by turning same on and off in order to 
control the actual water temperature sensed at S2. 
The device 1 continuously monitors the outside tem 

perature by means of sensor S1 at the same time that it 
monitors the actual water temperature of the hot water 
heating system by means of the inside temperature sen 
sor S2 which is located at the output ofthe mixing valve 
V. On the basis of the combined information, as will be 
explained hereinafter, the device 1 sends instructions to 
the pump P, the mixing valve V and the boiler B to 
control the flow of hot water through the mixing valve 
into the circulation system to establish desired hot 
water temperatures which in turn create levels of 
warmth and comfort in a building. 
The control device according to the present inven 

tion, establishes two heat levels for the building. One 
level is called the normal level and is generally utilized 
during daytime or working hours and is higher for 
when people are in the building and up and around. The 
second heat level is called the set-back level and is 
called the set-back level and is generally at night for 
when lower indoor temperatures are desired. The de 
vice 1 has a seven day electronic clock which shifts 
from one heat level to the other whenever desired. Up 
to eight changes a day may be made and each day ofthe 
week can be programmed differently, including week 
ends as will be explained hereinafter. 
The philosophy of the control of the hot water heat 

ing system is a complete control to obtain increased 
efficiency. The pump P is controlled so as to be pre 
vented from operating unless the outside temperature 
sensed by sensor S1 is at or below a preselected pump 
set point. 
An optimum start or morning boost is provided 

which varies in its duration with variances in outdoor 
temperatures while an early shutdown feature enables 
the automatic reduction in the water temperature ear 
lier than scheduled whenever the outside temperature 
justifies such an early shutdown. 
The management of the mixing valve is based on a 

water reset ratio control supported by an offset adjust 
ment and the range of the two makes the control appli 
cable to practically any climatic condition and heat loss 
‘characteristic for the building S. 
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4 
Moreover, the microprocessor control ofthe device 1 

controls the opening and closing of the mixing valve 
with a digital damping which minimizes movements of 
its components and thereby reduces the wear and tear 
on the valve. 
The control device is also capable of controlling hot 

water systems without mixing valves by shutting the 
boiler on and off with the same precision control as that 
for controlling the mixing valve. 

In operation, the outside temperature is constantly 
fed by the temperature sensor S1 to the control device 
1 which is advantageously located on the north side of 
building S. At the same time the actual water tempera 
ture is fed from sensor S2 mounted on main line L ofthe 
hot water heating system. 
When the outside temperature drops to the pump set 

point which is set by thumb wheel switch 21, the pump 
is activated, sending hot water through the mixing 
valve V and into the main line L of the heating system 
and the by-pass pipes connected thereto. 
Thus if the pump set point at switch 21 is shown as 

58°, the pump will not be activated until the outside 
temperature drops to 58° F. Should the outside temper 
ature later rise to 60° F., the pump will immediately shut 
off. 
The three way mixing valve V adjusts its openings in 

accordance with a predetermined reset ratio and offset 
adjustment setting controlled by thumb wheel switch 22 
and potentiometer 41 respectively shown in FIG. 2. 
These two controls in combination with the outside 
temperature establish a water temperature hot enough 
to create a desired level of warmth in the building for 
the normal periods of operation. A setback control 91 is 
a potentiometer which allows the user to determine a 
so-called night water temperature which is from 0° to 
85° F. colder than that during the normal period. 
The system control circuitry for carrying out the 

above is shown in more detail with respect to FIGS. 2-7 
as will be explained hereinafter. 
With regard to FIG. 2, the front panel of the device 

according to the present invention includes a plurality 
of switches and display elements for programming the 
device to automatically carry out the heating system 
control for 24 hours each day and for seven days a 
week. 
The display panel 2 includes the pump set point con 

trol 21 which determines the outside temperature at 
which the pump is activated and the heating of a build 
ing is undertaken. The thumb wheel switch 21 enables 
the operator to ?x the pump set point at between 45° to 
74° F. and display light 24 indicates when the pump is 
activated. 

If the pump set point is set at 58° F., the pump will be 
activated when the outside temperature drops to 58° F. 
The control circuitry for the system has a 2° F. differen 
tial which prevents a rapid on/off pattern to develop. 
With the pump set point at 58° F., the pump will turn off 
when the outside temperature reaches 60° F. and will go 
back on when the outside temperature drops below 58° 
F. 
The thumb wheel switch 21 also includes an on and 

off position to enable the pump to operate continuously 
or remain shut off, respectively if desired. 
Once the pump set point is reached and the pump is 

activated to move hot water from the boiler into the 
heating system, the amount of hot water directed into 
the heating system is determined by the settings of the 
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reset ratio control and the offset adjustment as will be 
explained hereinafter. 

In the memory of the microprocessor control shown 
in FIG. 4, are disposed 10 different reset ratios shown in 
graphical representation in FIG. 7a which vary from 
1:3 to 1:1 to 4:1. The ratio is the outside temperature to 
the water temperature and at a 1:1 ratio, every degree 
decrease in the outside temperature means a one degree 
increase in the computed water temperature. At a 1:3 
ratio, every degree change in the outside temperature 
means a three degree inverse change in the computed 
water temperature. At a 4:1 ratio, every four degree 
change in outside temperature means a one degree in 
verse change in the computed water temperature. 
The reset ratio is ?xed by the operator by means of 

the thumb wheel control switch 22 which has the 10 
ratios represented by letters of the alphabet A-J as 
shown in FIG. 7a. The graph in FIG. 7a shows the 
relationship between the computed water temperature 
and the outside temperature for each of the seven ratios. 
It -is apparent that ratios at D-F apply to an average 
building, while those at G-J apply to a more ef?cient 
one and those at A-C apply to a looser building with 
greater heat loss. 

Prior experience based on original design speci?ca 
tions of the heating system will determine which reset 
ratio is chosen. However, the parameters of each reset 
ratio can be extended quite substantially by the range of 
the offset adjustments as explained hereinafter. 
The offset adjustment control includes the potenti 

ometer 41 which is a ?ne tuning device that provides an 
added range of 84° to each of the reset ratios, that is, 42° 
above the reset ratio curve and 42° below it. Each 
change of one degree on the offset adjustment control 
changes the computed water temperature, up or down, 
by one degree and this applies to all 10 reset ratios. The 
graph in FIG. 7b shows an example of the offset curves 
in 6° increments for the 1:1 reset ratio setting. This 
shows how the offset adjustment applies and in?uences 
each of the reset ratios. The offset adjustment control is 
continuously variable and it should be clear that the six 
degree increments are offered simply for the conve 
nience of explanation. 
The combination of a wide range of reset ratios and 

offset adjustments makes the control applicable to any 
climatic or heat loss condition likely to be encountered 
anywhere. The objective of these controls is to provide 
a water temperature, in relation to outside temperature, 
which will produce a comfort level that can be consid 
ered normal for when people are up and around in a 
building and to provide a set back period when energy 
is to be saved and for use when the building is vacant or 
people are away or asleep. 
The normal and setback heat levels is somewhat anal 

ogous to the function of a residential clock thermostat. 
The higher heat level called normal, is a function of 
three factors, the reset ratio, the offset adjustment and 
the outside temperature. For any combination of these 
three factors, there is a computed water temperature 
which will closely match the actual water temperature. 
The three basic factors effect the amount of hot water 

directed through the mixing valve V to establish a 
water temperature in the heating system which creates 
a comfort level in the building that is called normal. The 
lower setback heat level is created by reducing the 
computed water temperature by means of control knob 
91 which is the setback control and which can set back 
the water temperature from 0° to 85° F. These numbers 
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represent the in?nitely variable number of °F. that the 
computed water temperature can be lowered to create 
the setback heat level condition. 
For example, if the computed water temperature is 

160° F., the water temperature creates the normal heat 
level and by setting the setback control to 40, the set 
back water temperature will be 120° during the setback 
period. 
An LED indicator light 25 goes on when the control 

is the normal mode and the LED indicator light 98 goes 
on when the device is in the setback mode. 
As the outside temperature varies, the setback water 

temperature also varies, always maintaining the degree 
difference ?xed by the setback control knob 91. This 
difference in relation to the normal temperature is also 
maintained should the offset control or reset ratio be 
changed. 
Once the normal and setback computed water tem 

peratures are set, the two resulting heat levels may be 
programmed to switch from one to the other by elec 
tronic timing means including electronic clock as will 
be explained. 
The system also has the ability to manually shift from 

the setback period level to the normal period level by 
use of the shift push button 23. In response to the actua 
tion of push button 23, the device will shift from the 
setback to the normal level for a given period of time 
(i.e. 90 minutes) and then revert back to the setback 
period if the program calls for the setback temperature 
level at that time. 

Section 30 of the control panel includes the auto 
by-pass switch 31 and the key switch 32 for enabling the 
device to be programmed as will be explained hereinaf 
ter. The by-pass switch 31 enables the entire device to 
be by-passed so that the heating system is in the constant 
on condition with maximum heat supplied. The pro 
gram lock switch 32 merely prevents the device pro 
gramming to be changed when in the locked position as 
will be explained hereinafter. Switch 33 is a heat 
on/heat-off switch which turns off the control device 
for the non-heating season. 
The device operates with two heat levels, the higher 

heat level normally scheduled for when people are up 
and about, is called the normal level and the lower one 
called the setback level is for when people are asleep or 
the building is unoccupied. The two heat levels can be 
changed alternately from one to the other up to 8 times 
a day as programmed into the device and each of the 
second days of the week can be programmed differently 
as will be explained. 
The programming of the period times is set in sec 

tions 50 and 60 of the control panel 2. In section 60, 
switches 61-67 control the programming of the device 
as is indicated by the display in section 50 including 
display elements 5l—54. 

Switch 67, when pushed from the run to the program 
position, changes the display section 50 from a display 
of the current time/temperature to the programmed 
data. The program mode is effected by the opening of 
key switch 32 and switch 67 at program and then the 
hour display button 64 is depressed to set the particular 
hour desired for the day set in the display. Thereafter 
the minute switch is depressed and the display will 
cycle from 1 through 59 until the button is released. The 
display 51 ?rst displays the ?rst normal period to be set 
and then the ?rst setback period to be set. If more than 
one normal period is to be utilized in a 24 hour day, the 
pressing of the advance button 66 will advance the 
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display to be programmed into the second normal and 
second setback periods. The pressing of the erase button 
65 will erase the current pair of normal and setback 
setting. 

After the day has been completed, the day button 62 
is depressed and it switches to the next day. If one de 
sired to have the same timing for each day, the day copy 
button 61 can be pressed which merely copies the pro 
gram from the previous day into the day now displayed. 
The clock is programmed for the entire week in this 
manner. At the end of the program, the switch 67 is 
switched to the run position and the key switch 32 is 
placed in the locked position. 

Light 51 indicates the day of the week in the display 
section 50 and light 54 illustrates whether the time being 
displayed on section 52 is AM or PM. Display 53 illus 
trates the actual water temperature when the unit is in 
the run state as indicated by switch 67. 
The display also includes section 10 including lights 

11-12 which indicate respectively that the water tem 
perature is being corrected and that the morning boost 
is in process as will be explained hereinafter. 
Two switches 81 and 82 are also provided for obtain 

ing the display of the outside temperature and the com 
puted water temperature when each is pressed and held. 
They come on the display where the actual water tem 
perature usually appears. 
Another function of the control device according to 

the invention is the addition of the morning boost which 
provides the surge of heat required in the early morning 
to overcome low nighttime temperatures and bring a 
building up to a desired comfort level. 
The standard morning boost provided by the control 

device elevates the water temperature a ?xed 10° above 
its computed level for a period of time that varies with 
the outside temperature. If the computed water temper 
ature on a given morning was 135° F., it would automat 
ically elevate 10 additional degrees to 145° F. 

If the outside temperature is at 5° F., the morning 
boost is 60 minutes in anticipation of the ?rst normal 
period and that 65° F. outside temperature, the antici 
pated boost time is 0. As the outside temperature varies, 
the duration of the morning boost varies on a linear 
scale and thus at 55° F. outside temperature, the morn 
ing boost will last for 10 minutes, at 45° F. for 20 min 
utes and at 15° F. for 50 minutes. As soon as the desig 
nated boost period is over, the computed water temper 
ature drops 10° and the control resumes its programmed 
schedule. 
The morning boost starts automatically each morning 

as long as the pump set point is reached and heat is 
called for. It is synchronized to bring the building to a 
desired comfort level at the time for the ?rst normal 
setting to begin. The computer continuously interro 
gates the outside sensor and on the basis of the data 
obtained, calculates when the morning boost must begin 
in order to end at the time programmed for the begin 
ning of the ?rst normal period. 

If for example the ?rst normal period is set to start at 
7 AM, and the outside temperature is 20° F., the morn 
ing boost will last for 45 minutes at that outside temper 
ature and therefore will begin at 6:15 AM. At this ear 
lier time, the computer elevates the computed water 
temperature by 10° and keeps it at that level for 45 
minutes, ending the morning boost at 7 AM. 
The morning boost can be eliminated by merely not 

programming in a ?rst morning setting, that is program 
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8 
ming the device to assume the ?rst normal period in the 
second memory position. 
With the circuitry provided at modules 91’ and set 

ting knob 91", a variable boost is provided which ena 
bles the user to select the boost water temperature any 
where in the range from 0°—30°. 
The automatic variable boost circuitry can also be 

used to an effect an automatic early shut-down in an 
opposite or reciprocal manner. By using the same cir 
cuitry and time curves, the heating in the building can 
be reduced to the setback level earlier than pro 
grammed at night if the outside temperature justi?es it. 
Thus, for example, if the nighttime setback heat level is 
scheduled to start at 11 PM and the temperature outside 
is at 40° F., the setback heat level will begin 40 minutes 
earlier or at 10:20 PM instead of 11:00 PM. At 20° F. 
outside, it would start 15 minutes earlier than scheduled. 
The early shut-down program brings the water temper 
ature to the setback level at the early shut-down time 
and there is no decrease of the computed water temper 
ature below that setback level. 
The control device is designed to operate with all 

types of hot water systems, including those without 
mixing valves. For this purpose, a special control circuit 
is integrated into the main microprocessor circuits 
which, when switched on, maintains the required com 
puted water temperatures. It does this by turning the 
boiler on and off in accordance with the reset ratio and 
offset adjustment scales discussed hereinbefore. The 
burner operation is controlled by the burner on/off 
switch 84 and the burner operation control knob 93. 
The control knob 93 de?nes the on and off limits that 
allow an average water temperature to be maintained. 
The scale on the control knob ranges from 0° to 15° F. 
Thus, for example, if the control knob is set at 7° F. and 
the computer water temperature at a given time is 150°, 
the boiler will now turn on when the computed water 
temperature drops to 143° F. and will go off when it 
reaches 157° F., that is 7° above and 7° below the com 
puted water temperature as determined by the three 
basic factors at that time. If the control knob were set at 
14° F., the boiler would turn off at 14° above the com 
puted water temperature and go on at 14° below it. 
The control of the pump, boiler and mixing valve 

motor is effected by relays 8911-0 in conjunction with 
the output terminals 99. Relay 890 controls the pump, 
relay 89b is an optional relay for controlling other build 
ing functions such as lighting, etc., relay 890 controls 
the boiler, and relays 89d and 89e control the opening 
and closing of the motorized valve. The actual output 
lines are connected to the output terminal which are 
connected to the loads as illustrated schematically on 
the control panel face plate. 
The terminal strip 97 comprises the input terminals 

which receive the information from sensors S1 and S2. 
Timing diagrams 3a and 3b illustrate the manner in 

which the valve motor is activated to change the open 
ings on the mixing valve. In accordance with the inven 
tion an electronically precise procedure is used to help 
conserve energy and preserve the life of the valve, 
motor and components thereof. This procedure is called 
digital damping. 
The ordinary mechanical control simply starts the 

motor to open the valve and in most cases tends to 
overshoot its goal, creating a far greater water tempera 
ture than is necessary, with the resultant waste of en 
ergy. 



4,527,246 
The control in accordance with the present invention 

opens and closes the valve in stages, pausing to idle for 
short periods to see if the actual and computed water 
temperatures correspond and if not, it activates the 
valve motor again, then pauses again to test, repeating 
the process until the two temperatures gradually come 
together. 

This computerized process reduces overshoots and 
saves enormous wear and tear on the valve components, 
adding life to the equipment. Additionally, this precise 
operation eliminates one source of fuel waste. 

If for example the computed water temperature is 
135° but the actual temperature is 150° F., this calls for 
a correction of 15°. FIG. 3a shows the plot of error vs. 
time and FIG. 3b shows the state of the mixing valve vs. 
time. As shown in FIG. 30, after the initial correction 
has been computed to, the computer calculates the ini 
tial activation of the valve motor to step same for one 
second for the ?rst ?ve degrees of correction and one 
second for each degree thereafter up to a maximum of 
15°. Thus for a correction of 15°, the activation lasts 
between To and T; which is eleven seconds. After the 
initial eleven seconds, the motor idles for 30 seconds 
until the time T2 while the computer recalculates, 
checking on the comparative temperatures. If no cor 
rection is to be made, then the computer will again 
recalculate during the next 30 second idling period and 
again if another correction is to be made. 
For the example shown after the correction, a —- 12° 

correction is calculated at T3 requiring the motorized 
valve to close for 7 seconds. During another idling 
period T3 to T4, a —7‘’ error is computed necessitating 
the valve opening for 3 sec. Thereafter, the correction is 
recomputed during time T5 to T6 which has a duration 
of 30 seconds whereupon the new correction of -—3° F. 
is determined. Since the correction is less than 50°, the 
valve is kept open for 1 second during T6—T7. The next 
correction computed between T7 and T3 is +20 F., 
which is within the system tolerence and thus no cor 
rection is to be made to T8 and the valve will idle until 
T9 where a correction of +5° F. has been computed. 
The valve is now opened for 1 second during T9—T10 
and the correction recomputed between T10 and T11. 
Again a 5° F. correction results in the valve open for 1 
second from T|]—T12. 
The device continuously repeats this process as 

shown at T12 to T15 and so on. The process is repeated 
to see if the two temperatures again diverge and thus 
necessitate correction. All corrections of the water 
temperature are arrived at by the digital damping pro 
cedure whether the need is for increasing or reducing 
the actual water temperature. 

Referring now to FIGS. 4-6, the circuitry for effect 
ing the functions set forth hereinbefore are disclosed in 
more detail. 
The device is powered by a main power supply 171 

which receives a line voltage from an AC source. The 
output of the main power supply 171 is fed to a power 
sensor 172 which feeds microprocessor 100, clock gen 
erator 174 and all of the other circuitry included in the 
device. The power sensor senses if the power supply 
171 is operational, and if not, it cuts in auxiliary battery 
power supply 173 so that the circuitry does not go 
down during the loss of the AC supply. The clock gen 
erator 174 generates the clock signals necessary to oper 
ate the system according to its speci?cation. Also in 
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cluded is a program interrupt 175 which enables the’ 
system to be interrupted during use for servicing and 
the like. 
The main control network of he device according to 

the present invention is the microprocessor 100 con 
nected in a conventional con?guration with an 8-bit bus 
driver 115 and in communication with a 16-bit latch 
address network 115 and ROM 120 and 3 RAM memo 
ries 125, 130 and 135 connected as shown. The micro 
processor 100 feeds three control bits to decoder 110 
which, on the basis of these bits, outputs 5 interrogation 
signals TB, W, SWOPT, Day Thumb and Night 
Thumb, as shown in FIG. 5 to interrogate the status of 
the control panel switch inputs heretofore described. 
The decoder also generates ?ve strobe signals strobe 
1-5 which are used to direct the storage of data from 
the bus drive 105 to latches 140, 145, 150, 155 and 160. 
The data on the bus which is controlled by micro 

processor 100 is displayed as follows: 
The 8-bit segment latch 140 received data from the 

. data bus and upon the strobing by strobe 1, the data is 
1 stored in the latch 140. The digit data is supplied via the 
‘bus drive 105 to 23-bit digit latch 145 which data is en 
' tered therein by strobe 2. Upon the strobing of data into 
latches 140 and 145, the segment and digit drive 141 and 
146 feed display 52, 53 to display the data therein. 
The other control lights and relays are displayed and 

controlled via the 8-bit control latch 150 whose data is 
I, strobed in by strobe 3 and driven by control drive 151 
, so as to be indicated by the control lights and relays 152. 

The determination of the levels and control settings ‘ 
‘ shown in FIG. 5 and illustrated in FIG. 4 as block 180, 
are analyzed by the microprocessor by means of the 
analog multiplex latch 160 which stores 3 bits of data to 
select one of eight inputs on analog multiplexor 165 i 
which is fed by the sensor inputs and control settings 1 
180. Multiplexor 165 selects one of eight signals and 
‘inputs it to comparator 170. The microprocessor then 
determines the level of the data by incrementing the 
8-bit ladder latch 155 via strobe 4 and driving the output 
thereof through drive 156 to a ladder network 157. The 
ladder network 157 generates a stepwise ladder which is 
fed into the comparator and which is fed back to the 
microprocessor when a favorable comparison is made ‘ 
thus indicating to the comparator that the data in the 
8-bit latch 155 is equal to the sensor input or control 
setting then under consideration. The circuitry shown 
in FIG. 5 is conventional and provides for a processing 
of the sensor signals for use by the analog multiplexor. 

FIG. 6 shows the block 190 which receives the inter 
rogation outputs from decoder 110 which feeds the 
status of the switches and control panel settings to the 
bus drive for processing by the microprocessor 100. 

In a particular advantageous embodiment, the micro 
processor 100 is an RCA 1802 microprocessor and the 
bus drive 105 comprises a TI 374 latch drive units. The 
latch 114 for the address is a TI 374 latch as are latches 
140, 145, 150, 155 and 160. The ROM 120 is an AMI 
9332 while RAM 125 is an RCA 1825 and RAMs 130 
and 135 are AMI 5101 circuits. 
The segment drive 141 is a Sprague 2800 as is control 

drive 151, while the digit drive 146 is s Sprague 2480. 
The ladder drive 156 is an RCA CD 4050 and the ana 
log multiplexor 165 is an RCA 4051. The analog multi 
plex latch 160 is a 174 and the decoder 110 is a TI 7442. 
The comparator is a conventional operational ampli?er 
in the most advantageous embodiment. 
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